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Description  Stock Code  Frequency  Price 
Transmitter  VT‐4E150‐00‐800  136‐174 MHz  $1,635 
Transmitter  UT‐4E450‐00‐800  406‐470 MHz  $1,635 
Transmitter  UT‐4E500‐00‐800  470‐520 MHz  $1,635 
Transmitter  UT‐4E850‐00‐300  799‐869 MHz  $1,635 
  55
Transmitter  VT‐3H035‐SXA300  29‐38 MHz  $1,635 
Receiver  VR‐4E150‐A0‐000  136‐174 MHz  $1,980 
Receiver  UR‐4E420‐A0‐000  406‐430 MHz  $2,255 
Receiver  UR‐4E500‐00‐000  470‐520 MHz  $2,255 
Receiver  UR‐4E800‐00‐000  806‐824 MHz  $2,255 
Receiver  VR‐3H035‐SWA200  29‐38 MHz  $1,980 
Amplifier  AMP‐140‐110‐D1P  136‐144 MHz  $2,415 
Amplifier  AMP‐P10‐2GA1‐C3  406‐426 MHz  $2,525 
Amplifier  AMP‐P9‐2K1‐C1  806‐870 MHz  $2,615 
Amplifier  AMP‐P10‐2AA1‐C1  30‐36 MHz  $3,245 
Duplexer  DUP‐136‐174EKPB   136‐174 MHz  $715 
Duplexer  DUP‐406‐512LMLN   406‐512 MHz  $1,475 
Duplexer  DUP‐806‐896EYCB   806‐896 MHz  $510 
Multiple Receiver Subrack  SR‐39‐3     $795 
Multiple Transmitter Subrack  SR‐39‐4     $1,125 
Standard Subrack  SR‐39‐1     $860 
40 Amp AC Power Supply  PSA‐12‐40‐RB‐00     $1,405 
Stationary Rack Cabinet  ES‐1‐B     $210 
Digital Base Control Card  CI‐BC‐4E‐00     $1,100 
Digital Repeater Card  CI‐RC‐4L‐00     $690 
Multiple Link Controller  CI‐RC‐4M     $2,750 
Universal Interface Card  UIC‐4‐00     $1,925 
   SM‐3‐H0‐014‐00      $670 
Base Station Speaker Panel  A‐PNL‐SP‐01     $270 
           







































































































Communications Specification and Design 
8. Communications Specification and Design 
Communication between the on-board radio and packet modem and the combination located at 
the switch site is used to determine the status of a particular switch site. Successful 
communication equates to the.switch being correctly positioned allowing the train to successfully 
continue along the mainline.track. This section provides an overview of the components used in 
the communications system and discusses some shortcomings in the present communications 
system along with possible solutions. 
8.1 Wave Propagation 
This section discusses the attributes of the frequency presently used in the project, 452 Mhz. 
This frequency is in the lower UHF band and causes certain communication challenges. 
8.1.1 The UHF Band 
Historical belief was that frequencies above 30 Mhz could only follow line-of-sight paths. Over 
the years this proved to be false. Sea path communication at frequencies over 500 Mhz were 
successful at up to 168 miles. Communication in the upper bands has improved with the 
development of several techniques. The problem with the application of many of these methods 
to our system is that these methods are weather dependent. Our system must be reliable in all 
conditions, including periods of high sunspot activity, rain , snow, etc . Therefore, the basis of this 
study is to investigate line-of-sight performance from the system and determine if it meets our 
specifications. We will consider the use of digipeaters where line of sight communication is 
impractical or impossible. 
8.2 The Motorola RNET 4508 Radio 
The RNET 450S is a small two-watt telemetry radio . It measures 3.30 inches long, 2.7 inches 
wide, 1.52 inches high and weighs only 11 ounces. This UHF transceiver supports both voice 
and data. The radio has a female BNC antenna connection and a DB 15 connector on its front 
face (see figure 14) and also has eight DIP switches mounted on its audio board for accessing 
various features (see Tables 7 and 8). These radios operate at 452 MHz and replace the Motorola 
M10 transceivers originally used for the project that had 25 watts of transmitting power. 
8.2.1 Connecting the RNET 4508 to the PK12 
Before connecting the radios to the modems for use, position their DIP switches to the 
appropriate settings for use in our system. Table 8.1 and Table 8.2 contain the Dip Switch 
functions along with their corresponding settings allowing the radios to function with our system. 
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Table 8.1- Audio Board DIP Switch Settings. 
Swikh "_ " "J ~ . "',., FuDccion . Settin2 
I Channel select bit 0 (CSO) ON 
2 PIT watchdog disable, ON =PIT watchdog disabled ON 
3 Data out mode switch one (see table 3.2) OFF 
4 data out mode switch two (see table 3.2) ON 
5 Channel select bit I (CS I) ON 
6 On =Data in has flat response. Off =Data has 6dB pre-emphasis ON 
7 Channel select bit 2 (CS2) ON 
8 PIT polarity select. On =PIT is active low (OV). Off =PIT is active high (5V) ON 
Table 8.2 - Data Out Mode Dip Switch Function Settings. 
Swikh 3 Switch 4 Function 
ON OFF De-emphasized data out 
OFF ON Flat data out 
OFF OFF No data out 
ON ON Invalid selection 
After making the above settings, the radios are ready for use. The next step is to assemble the 
cable to connect the PK 12 to the radios. 
The modem's 5 pin DIN plug, located on the rear panel, provides the connection to the RNET 
450S. Shown below is the pinout of this plug along with the corresponding wire color code for 
the cable provided with the modem. 
Figure 8.1 - PK12 5 pin DIN connection.
 
A DB 15 connector provides an interface to the radio . Below is the pinout of this connector:
 
Figure 8.2 - DB15 I/O Connector on RNET 450S. 
The following table illustrates the connections necessary to interface the RNET 450S to the 
PK 12 packet modem: 
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Table 8.3 - Packet Modem to Radio Connections. 
, I ' 'e, RK12 racket M~em ,,:,:~ , . , : , RNET4S0S TelemetrvRadio ' 
Wire Color fimction . ; 
To Speaker Audio 
MIC 
MIC Ground 








to 8 Data Output 
to 7 Data In 





to 14 Push to Talk 
to 10 Clear to Send 
to 6 +12 VDC 
to 15 Ground 
8.2.2 Modem Level Settings 
The PK12 modem contains a potentiometer on the rear panel to adjust the transmit level output 
of the modem. The modem operating manual specifies that this level be set to produce a 3 kHz 
deviation in the transmit signal for optimum perfonnance. The RNET 450s radios specify that a 
40 mV RMS input signal produces a 3 kHz deviation. While monitoring the output level of the 
modem (the white wire off the modem plug, see Table 8.3) on an oscilloscope, toggle the modem 
into calibration mode from the "cmd:" prompt on a terminal by pressing "k". The oscilloscope 
will then contain the sine wave produced by the modem that feeds into the "data in" terminal on 
the RNET 450s (pin 7 on the RNET plug, see Table 8.3). In this mode, pressing the space bar on 
the terminal toggles the "mark" and "space" signals from the modem, which correspond to binary 
ones and zeroes. Once the data waveform is on the scope, tum the potentiometer on the rear of 
the PK12 to set the level to 40 mV RMS. Once completed, the transmit level should be correct. 
The use of a deviation meter or a spectrum analyzer could verify that a 3 kHz deviation is 
present. 
On the other end of the system, determine if the receive level is within specification. Once the 
radio on the receiving end picks up a signal, it feeds it to the modem through the green wire on 
the modem plug that connects to data out on the RNET 450s (pin 8 onthe RNET, see Table 8.3). 
The signal from the radio has a 2.5 volt DC offset which the modem strips away through AC 
coupling . This signal then enters the TCM3105 FSK modem chip inside the modem. The level 
monitored at pin 4 on this chip determines if the receive level is within specification. This level 
measures 400 mV peak to peak. The specifications for the TCM3105FSK.say that this level 
must be between 300 mV and 780 mV peak to peak . Therefore, the receive level is within 
specification. These settings, when verified, result in an optimum hardware interface between 
the radio and modem. 
8.2.3 Modem Software Settings 
Software directly controls all of the modem parameters except for the transmit level. The 
greatest concern for this application is the settings that control the radio. The modem keys the 
push to talk, determines how long to wait after the push to talk is activated before data can be 
sent (all radios require some delay), how long to wait after receiving a connect signal to 
acknowledge, as well as many other factors which affect system performance, When set 
properly, the reliability and speed of the system improves . This is a concern because this part of 
the system can reduce system latencies . The specifications of the radio in use determines many 
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of these settings. Trial and error is also of help in optimizing the system. Both "real world"
 
testing (testing the performance outdoors) and using the variable attenuator method described in
 
Section 8.3.2 are methods of evaluating the system. Below is a list of the modem settings and a
 
description of each. Note that the letters in capitals are abbreviations for the following
 
commands, and <CR> after each command indicates the "ENTER" key.
 
To program the PK12's, use a software communications package (the team selected QmodernO')
 
and a serial cable to interface a Personal Computer to the packet modem. The following
 




8.2.3.1 Modem Call Sign 
The modem call sign is the first parameter to set. This refers to the "name" of the modem and is 
what makes each packet modem uniquely addressable. The call signs for the modems at the 
switch sites correspond to the track mile marker denoting the switch site. The modems located 
on the locomotives usually have the call sign "train." The command for setting the call sign is 
MYCALL name <CR> where name refers to whatever you wish to call the modem. 
8.2.3.2 EXPert Mode 
The next command is EXPert. This command protects novice users from altering parameters 
that they normally should leave at the default settings. To allow access to these settings, disable 
this safety feature. To do this, type EXPERT ON <CR>. 
8.2.3.3 AUdelay 
AUdelay is the next parameter to define. This parameter introduces a delay between the 
activation of PTT (push to talk) and the modem generating tones. For our transceivers, a delay 
of 20ms is optimal. To accomplish this, enter AUdelay 2 <CR>. This is the default setting for 
the PKI2. Note, AUdelay is lower than TXdelay by a setting of 10 for proper performance from 
most radios. An explanation of TXdelay follows in the next section. 
8.2.3.4 TXdelay 
TXdelay controls how long to delay before sending packet data after keying the PTT line of the 
transmitter. This parameter works with AUdelay. After keying the PTT line, AUdelay sets up a 
time delay before the modem generates tones, then TXdelay sets up a delay before sending actual 
packet data. This illustrates why Txdelay is greater than AUdelay by a setting of 10. For the 
system, this difference is adequate. Therefore, setTXdelay to 12, which corresponds to 120 ms, 
by entering: TXdelay 12 <CR>. 
8.2.3.5 NEwmode 
NEwmode determines how the PK12 responds when a link terminates. When NEwmode is on, 
the PK12 returns to command mode when the link terminates or if a connect attempt fails. When 
NEwmode is off, the PK12 remains in its previous state until manually "forced" to return to 
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command mode. The system requires this "ON." To do this enter: NEwmode ON <CR> . This 
is the default for the PKI2. 
8.2.3.6 PPersist 
The next parameter, PPersist , determines whether the PK12 uses PPERSIST or DWAIT for its 
carrier sense multiple access (CSMA) procedure. Our system uses the newer PPERSIST 
procedure. To activate PPERSIST, enter PPersist ON <CR>. 
8.2.3.7 DIGlpeat 
The last modem setting is DIGIpeat. Unless using a packet modem as a digipeater, set DIGIpeat 
to off. When this function is on, the PK12 acts as a digipeater. This means that it will re­
transmit all packets it hears. Batteries supply the power for the switch site hardware and 
transmitting draws the most current. Therefore, disabling this function will eliminate all radio 
transmissions unless it is responding to a request from a train unit. To disable this function enter: 
DIGIpeat OFF (ret). The following table sums up the modem settings: 
Table 8.4 • Modem Software Settings 
Parameter Setti:n2 Description 
Mycall name Enters modem call sign 
EXPert ON Allows access to expert commands 
Audelay 2 (20ms) delay between P1T and applied tones 
Newmode ON PK12 switches to command mode 
Txdelay 12 (l20ms) delay before packet data is sent 
Must be a setting of 10 greater than Al.Idelav 
Ppersist ON Type of CSMA procedure used 
DIGIpeat OFF Disables use of PK 12 as a dizineater 
8.3 Communication System Test Procedures 
Generally, the means of evaluating communication system performance is statistical analysis. 
No communication system is 100% reliable. When specifying a system, determine the 
requirements that the system must possess for its intended application. Examples of these 
requirements are: the probability of false alarms, the probability of detection, and the time 
between false alarms. Determining if a given system meets these requirements is the first 
challenge, and if not, how to make it meet these requirements is the second challenge. Discussed 
below are some methods for evaluating the performance of the current communications 
equipment. 
8.3.1 Mathematical Modeling 
Mathematical modeling plays a healthy role in any communications system analysis. In the 
following section there is an equation relating distance and frequency to the amount of 
attenuation of a signal. Using this relationship, calculate the attenuation of a 452 MHz signal at 
distances of two and four miles. The results (95.7 dB and 101.7 dB respectively) accurately 
model the attenuation of a signal using the variable attenuator also discussed below. 
Another equation which plays a role in the analysis is 
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Smin represents the power of the minimum detectable signal (imn Watts). K.o is Boltzmans 
constant which is 1.38 * 10-23 • To is the temperature in °Kelvin, Bn is the signals intermediate 
bandwidth, Fn represents the noise figure, and 
So 
N'o 
is the signal to noise ratio at the receiver. The above equation allows us to calculate the 
minimum signal to noise ratio given the other parameters. The next step is to specify a Tfa, the 
minimum allowable time between false alarms. False alarms, in this case, representing that the 
signal went undetected by the receiver. Once specified, determine (from a set of curves) the 
minimum signal to noise ratio required to produce our specified Tfa. Compare this with the 
calculated signal to noise ratio to see if it meets the specification. Using another set of curves 
with the calculated signal to noise ratio and the known intermediate bandwidth (Bs), determine 
from another set of curves the probability of detection. If this meets the specification, the system 
should perform as specified for the time between false alarms and the probability of detection. If 
it falls short of its mark, determine the necessary signal to noise ratio to give the probability of 




P, = 4PiR 2 , 
computes the power received from a transmitter given the transmitted power (Pt) , the gains of the 
transmitting and receiving antennas (Gt and Gr respectively), the wavelength (L) and the distance 
between the two antennas R. If P, is replaced with Smin in the equation: 
p,GtGrL
2 
Rmax = ~(4pit ' 
the result is the maximum (free space) distance that the signal could travel and still be detected. 
The equations discussed thus far represent the effects on signals in free space. However, when 
taking into account "real world" signals, there are other factors that also playa role. The 
propagation factor, (Fp) , is one of these factors. This term represents the effects of multi-path 
propagation on the received signal. The equation is 
4sin 2(2piH )tHr 
Fp = LR ' 
where H, and H, represent the height of the transmitting and receiving antennas respectively, L 
represents the wavelength of the signal, and R represents the distance between the two antennas. 
To obtain a more accurate picture of the power received, take P, and multiply it by Fp. Looking 
at the equation for Fp, we see that this factor can multiply the power received by a factor of four 
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when the sine is at its greatest value (1). This is constructive interference. The result could also 
be a multiplication of the received signal by zero when the sin is at its smallest value (0). This is 
destructive interference. It is obvious that the heights of the antennas will remain constant, but 
the distance between the radios, R, is constantly changing as the locomotive approaches. 
8.3.2 The Variable Attenuator 
To simulate a separation between the transceivers so that an effective laboratory simulation is 
possible, the team located a variable attenuator. This attenuator is adjustable from 3.3 to 120 dB. 
Measuring the signal attenuation of one of the radios with this device in series with the antenna 
verified its calibration. In free space, the distance traveled and the frequency of a signal are two 
determining factors of its attenuation. To calculate the attenuation of a signal based on these 
factors, use the formula: 
attenuation (dB) =36.6 + 2010g(fm) + 2010g(d), 
where fm is the operating frequency in MHz and d is the distance between isotropic antennas in 
miles. This formula models the free space attenuation of a signal. If we use it to calculate the 
attenuation of a 452 MHz signal over two and four miles, we will see that the resulting 
attenuation is 95.7 dB and 101.7 dB respectively. The variable attenuator easily handles these 
values and will serve as an effective model for the communications distance we must achieve. 
Of course, this is only taking into account line of site communications. Along the actual railroad, 
there are many obstructions such as hills and bridges which all but eliminate line of site 
communication. To better simulate the effects of these obstructions and the affect of hardware 
changes upon the system, it may be necessary to assemble an additional attenuator. 
8.3.3 Computer Simulation 
The reliability of a communication system is a statistical analysis which represents the possibility 
of errors in data transmission. Written to simulate the communications portion of the system, a 
computer program acts a test vehicle for analyzing system changes. The current program 
sequentially connects and disconnects from a remote "switch site." The program logs the results 
of the connect and disconnect attempts to a file and at the end of the simulation parses the file 
and reports the number of failures. The program prompts for the number of connect attempts to 
simulate when it is first run. Using this simulation program coupled with.the variable attenuator 
discussed above, it was possible to optimize many of the communications system parameters, 
such as the software settings and hardware interface, discussed earlier. The current system 
settings should produce optimal. results with the current hardware in use. To determine the effect 
of further system alterations, the assembly of an additional attenuator may be necessary. This 
will better simulate the effects of hills and bridges and other obstructions which hinder 
communications. 
8.3.4 Real world Testing 
Modeling the system is the first step. The second step is determiningif the model matches the 
real world application. Real world testing procedures involve locating the switch sites which 
have the greatest potential to cause the highest degree of signal attenuation due to obstructions 
such as trees or bridges. We then test the current system here to determine how it functions. 
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This involves attempting to connect to a radio and packet modem located at the switch site from 
two miles away. If the radios connect successfully, we then transmit data and log it to a file at 
the receiving end for comparison to the original data. 
8.4 Possible System Upgrades 
As mentioned previously, no communications system is 100% reliable. This section attempts to 
face the second challenge: how to improve the current system to meet specified system 
requirements for which it falls short. 
8.4.1 Line of Site Communication 
Just as the name implies, line of sight communication is where the transmitting and receiving 
antennas have an unobstructed view of each other. Without trees, bridges, or other obstructions, 
radios have line of sight communication as long as the distance to their respective radio horizons 
overlap. In other words, each radio has a specific distance it can reach based on the height of its 
antenna. The formula used to determine this "radio horizon" is 
where h is the height of the antenna above average terrain in feet, and S is the distance to the 
radio horizon in miles. If we specify that we want each radio to have a radio horizon of 2 miles 
(for a combined total LOS distance of 4 miles) this equation dictates that the antenna must be 
only two feet above the height of the average terrain. As a possible aid to the communications 
difficulty, it may be feasible to locate the transmitting and receiving antennas in such a manner 
that they clear the surrounding obstructions, or implement digipeaters to provide LOS. The 
computer modeling discussed earlier is an effective method of evaluating LOS system 
performance. This test has tentatively demonstrated that LOS communication produces 
acceptable results (probability of detection> .99), although further tests are necessary to prove 
this beyond a doubt. 
8.4.2 Directional Antennas 
Directional antennas have the capabilities for configuration to exhibit increased signal gain in 
certain directions. The style of antenna appears perfect for this system because the train always
, 
approaches the switch site from one of two directions. This suggests a bi-directional antenna for 
the switch site and a unidirectional antenna for the locomotive. The increased gain will increase 
the signal to noise ratio and help increase the probability of detection; thus increasing system 
reliability. 
8.4.3 Digi-peaters 
In packet radio, it is common for one station to desire to reach another station beyond its 
immediate radio range. Hilly terrain, trees, bridges and other obstacles can place two stations out 
of range. If packet station exists in between the two stations who desire to communicate and 
both stations are capable of reaching. this intermediate station, the intermediate station can act as 
a digi-peater. To illustrate, the first station sends data to the distant station by "relaying" it 
through the intermediate station. The intermediate station receives the transmission and re-
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transmits it to the distant station. Any packet radio system can act as a digi-peater. Using digi­
peaters at strategic locations along the track is another way to overcome signal attenuation due to 
foliage and structures. However, l:lsing this approach will increase system latencies due to 
increased connect and disconnect times associated with re-transmitting the packet. In other 
words, each packet station receives and re-transmits the packet multiple times in order for it to 
reach its destination. Digi-peaters can be an effective means of increasing communication 
distance and reliability. Their use in the current system has the potential to help improve the 
communications. 
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The following is the specifications for the communications system used by 
last years project. It is supplied as an additional reference to the PK12 
packet modem and the Motorola M10 radios. 
Communication System Overview 
The communication system used in this system is comprised of Advanced Electronics 
Engineering, ABA, PK-12 packet modems, connected to Motorola M-I0 transceivers. 
The packet modems are used so that each and every switch will have a unique call 
sign. This enables the system to call to, and get a response from, only the switch sites 
that it wants. The M-10 transceivers are supplied by the P&W RR, and are similar to 
the ones in use by the P&W at this time. They operate in simplex mode at a frequency 
of 452 MHz. 
The Pk-12 Packet Modem 
The PK-12 is a 1200 baud, packet-only controller, designed t<? be used in 
conjunction with a standard RF transceiver. A packet only controller is similar to 
a modem in a computer except that, instead of converting the digital signals for 
use on the phone lines, it converts them for use in radio frequencies. The PK-12 
offers ease of use combined with many excellent features that aided in the 
successful completion of this project. The cost of the PK-12' s were $109.00 
TRANSCEIVER RS-232 LEVEL 
CONTROL LINES SERIAL LINK 
Packet < >Modem . . 
GND 12VOC 
Figure 0.1: Packet Modem Functional Block 'from Overall Diagram 
each. The PK-12 operates at +13 VDC but, in low power mode, can operate with a 
+9 VDC source. The connection to the radio is a 5-pin DIN type connector. The 
connection to the terminal is an RS-232 25-pin DB-25 female connector. Terminal 
data rates from between 110 to 19200 BPS are available. A data rate of 9600 BPS 
is used for this system at this time. A copy of the PK-12 operating manual will be 
kept on file with this report. 
Connecting the PK-12 to a Computer 
The first thing to do when learning about the PK-12' s is to test it using a computer 
setup as a 'dumb' terminal. When beginning to test the modems, make sure power 
is properly applied. Simply connect a 12 volt regulated supply to the power cords, 
making sure that +12 goes to the wire marked with the white stripe. To connect 
the modems for testing, simply connect the modems to the serial port of a 
computer with an RS-232 cable and use a communications program, to 'talk' to 
the modems (Note: A null modem cable will not work with the PK-12,s, a 
standard serial cable is needed). When initially connecting the PK-12 to a 
computer the serial COM port must be set to between 300 and 9600 baud (9600 is 
preferred because that is the baud rate of the controller for the project) in TTY 
mode, with 8 data bits, 1 stop and no parity. With the port setup in this way, and 
the PK-12 connected with power, tum the modem on. Initially, the modem may 
not be set to 'talk' correctly to the COM port. To get it to do this, enter an 
asterisk, ' * '.This allows the PK-12 to check out the baud rate of the port and 
adjust itself accordingly. After doing this you should receive the following 
message: 
AEA.. PK - 12 Packet Controller 
AX.25 Level 2 Version 2.0 
Copyright (C) 1995 by 




"cmd:" is the command prompt for this version of the packet software. Once you 
see this, you know that the modem is working. Now it is time to perform a 'loop­
back' test. To do this place a jumper between the white and green wire of the DIN 
connector and plug it into the proper connection in the back of the PK-12. This 
allows the PK-12 to talk to itself. 
With the jumper in place the required test is now performed. First, change the 
name of the modem by typing MY 'name' where the name picked is the users 
choice. Once this is done the following message should appear: 
MYcall was PK12 
MYcall now PKBASE 
cmd: 
This signifies that there was a change to MYCALL, or the 'name' of the modem. 
With the new name, a test should be performed to have the modem try to connect 
to itself. To do this, type c name. 'c' is to Connect followed by a space and then 
who you're trying to connect to. After typing this the following message should be 
seen: 
*** Connected to PKBASE 
(NOTE: there is also no more command prompt) 
Because the modem is now connected to itself, anything typed followed by 
<ENTER> would be followed by the same message echoed to the screen again. 
This shows that a 'packet' is sent and the modem is working correctly. 
To disconnect from any connection, simply type CTRL-C which will now bring 
back the command prompt, cmd:. Now enter a 'd' signifying Disconnect. The 
following message will be seen upon proper disconnect: 
**~ Disconnect: name 
This concludes the initial test for a packet modem. The following section will 
describe the proper connection of the PK-I2 to the Motorola M-IO transceivers. 
(Note: If other transceivers are used, refer to the copy of the ABA PK-I2 users 
manual on file with Prof. William Michalson) 
Connecting the PK-12 to a Radio 
The following sections describe the connecting of the PK-I2 to a Motorola M-IO 
transceiver. 
Initial Setup the Motorola Transceivers 
Rf ~f
< Transmitter 





Figure 0.2: Transceiver Functional Block from Overall Diagram 
First of all, the transceivers should be setup to use "Flat Audio" receive and 
transmit. To set up the transceivers for this, jumper ru55IA must be changed 
from position B to A. To get at this jumper, simply remoye the front panel 
(refer to radio illustrations fig. 4) and then the bottom cover. Under the bottom 
cover is the RF chassis shield. After removing this shield, the logic board is 
exposed. On the logic board, ru55IA can be easily located. To change 
position of the jumper, simply pull up on the jumper, remove it, and replace it 
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Figure 0.3 Disassembling the M-10 Radio 
After the jumper position is switched, the wiring between the modems and radios 
should now be completed. The ABA PK-12 packet modems come with wiring 
harness for connecting to radio equipment. The plug for radio connections from 
the modems is a 5-pin DIN connector located on the back left hand side of the 
units. The following illustration, Figure 0.4, illustrates the DIN connector and the 
wiring diagrams for it. 
Wiring Between Packet Modem and Radio 
This section describes the wiring between the PK-12 and the Motorola M-IO 
transceivers. 












Figure 0.4: Wiring Between PK-12 and Radio 
Shown below, Figure 0.5: Connector to packet modem for M-lO radio, is the 
wiring harness for the Motorola M-l0 transceivers: 
; 
Figure 0.5: Connector to packet modem for M-10 radio 
For the following list of connections, refer to Figure 0.4. 
• Connection '1' of the modem, the white wire, goes to pin 5 of the radio plug . 
This is the Flat Transmit audio of the transceivers . 
• Connection '2' of the modem, the brown wire, as well as the un-insulated 
wire, goes to pin 8 of the radio. This is signal ground. 
•	 Connection '3' of the modem, the red wire, goes to pin 3 of the radio plug. 
This is the Push To Talk, PIT of the transceiver. 
•	 Connection '4' of the modem, the green wire, goes to pin 15 of the radio plug. 
This is the Discriminator Output of the transceiver. 
•	 Connection '5' of the modem, the black wire, goes to pin 8 of the radio plug. 
This is the un-squelched indicator of the transceiver. 
•	 An optional connection would be to put a jumper across pin 15 and 16 so that 
any transmissions that are heard by the radios will go to the internal speaker of 
the radio. 
Once the wiring is completed from the modems to the transceivers, the modems 
are set up for use as the system requires. The following section describes how to 
setup the modems as they are used in this system. 
Setting Up the PK-12 For This System 
To get the most range out of the modern/transceiver setup is to set the deviation of 
the signal to 3 KHz. To do this, the jumper, J3, on the PK-12 most be set on 'Lo'. 
This jumper is located near the top right hand comer in Figure 0.6: Component 
Layout for PK-12 Packet Modem. Some of the modems were set to 'hi' and some 
were set to '10'. 
IJUmper, 13 
Figure 0.6: Component Layout for PK·12 Packet Modem 
Now, with the jumper in the correct position, a deviation meter is used to calibrate 
the modems transmission deviation . To get the modem to constantly transmit, 
type cal and then ENTER. This puts the modems in calibration mode . Typing K 
will toggle the transmit on and off for calibration purposes. The adjustment for 
deviation is found on the back of the PK-12 's , next to the DIN connector. It is 
labeled TX LEVEL as seen in fig . 7. Once the modems are set to 3KHz deviation, 
the adjustment control should be taped over so that they cannot be changed. The 3 
modems already in use for this system have tape over the adjustments. With this 
accomplished, the modems can now be setup correctly for our system. 
Rear View of the 11-12
 
Figure 0.7: Rear view of PK·12
 
The system is set up now for the fastest time for connecting and disconnecting 
from the remote modems. New modems will have to be set accordingly. To do 
this , connect power, as described earlier, and connect a serial cable to the 
modems. Tum the modem on and press '*' and then <ENTER>. As shown 
previously, the following message should appear: 
AEA PK - 12 Packet Controller 
AX.25 Level 2 Version 2.0 
Copyright (C) 1995 by 




The following settings should now be set. Before this, however, a note should be 
made that, for all the following commands, any part of the command that is 
capitalized is all that needs to be used. An example of this is seen in the first 
command illustrated. When setting EXPert mode on or off, only EXP needs to be 
used. 
First, to use all the commands needed you must first be in EXPert mode. To do 
this type: 
EXP on <ENTER> 
To get the fastest response times for the system both AXDelay and Txdelay have 
to be set accordingly. 
AXD 10 <ENTER> 
TX 15 <ENTER> 
AXDelay must always be set at least a setting of 10 below Txdelay. AXDelay is 
used in combination with Txdelay as the amount of time (setting times 10mS) that 
the transmitter gets keyed before data is sent out. 
So that the system will not interfere with the existing communication system used 
by the P&W, the system must be setup to wait 500mS after it has detected a 
carrier using its frequency. To do this, set DWait to 50. 
DW 50 <ENTER> 
The amount of DWait is multiplied by 10mS for the actual amount of time to wait 
after a carrier is detected. This is called debounce time. 
To make use of the DWait time, the following setting must be set so that the 
Carrier Sense Multiple Access System, CSMA, is shut down. 
PPersist OFF <ENTER> 
The next setting, FRack , is the amount of time that the unit waits for an 
acknowledgment, before it retries. 
FR 2 <ENTER> 
Two seconds is the minimum FRack that should be used. This is set to its 
minimum setting because it aided in reducing any system latencies. The latencies 
referred to here are any delays in the system performance caused by the way the 
system is designed. The main latency, or delay, in the system is caused by the 
communications. Once the communication latencies are made to be as small as 
possible, system performance will peak. If the latencies are reduced in some other 
way, ifis advisable to increase FRack by one or two to allow the modems more 
chances to get a valid connection. 
The next setting will allow a program to control the modems without having to 
use the CTRL-C character to switch between transparent and command mode. In 
transparent mode, anything entered into the packet modem automatically goes out 
to the radio as a packet of data. In command mode, all the user commands can be 
accessed for adjusting the packet modems, connecting to other modems, 
disconnecting from any connected modems, etc. 
NEwmode OFF <ENTER> 
When a connection is made between two modems, they are in transparent mode 
meaning that anything typed by the host followed by <ENTER> will be 
considered data, and consequently will be sent as pure data. The system, as it is 
setup now, doesn't need to send data. It only needs to connect and/or disconnect. 
If a future system is setup to pass data back and forth from the modems, 
NEwmode should be set back to ON. 
With the previous setting complete, the modems will work fine in the system as it 
is setup now. For any enhancements to the system, all the settings that the PK­
12' s use can be found in the aforementioned AEA manual. The next section will 
describe how the PK-12's can be setup for multiple I/O connections. This is one 
way that the system may possibly be enhanced, and it can be studied by a future 
project group. 
Future Setup For Multiple I/O Connections 
To get the modems setup to operate on more that one channel at a time, thereby 
enabling connection to more than one modem at a time, the following settings 
need to be changed. 
The first thing to do is to setup a channel switch character. This will be the ASCII 
nUInberof the character to be used by the host to change the channel of operation 
that it's currently using. The recommended switch is ASCn 7C (hex) or 'I', the 
pipe character. To do this, type: 
CHSwitch 7Ch 
The number 7C in hexadecimal refers to the pipe character. Once this is done, 
changing from one channel to another is as simple as typing In <ENTER> where n 
refers to the numbered channel that is desired. (Note: The available channels are 0 
through 9) 
Once the switch character is set, the number of possible USers must now be set. 
To do this type: 
US n <ENTER> 
where n must be set to a number greater than the default number one. Once the 
modems are setup for multiple connection, it is easy to tell who is connected and 
to which channel. Simply type CS <ENTER> and a list of all the channels and 





















































Dispatch Centers send configuration files to each MTS–                
which allow each MTS unit to operate independent 
until told otherwise by the Dispatch Center































• Pinging other processors for best connection         
• Alerting other processors of status
Distributed Voting 
• http://www freepatentsonline com/EP158967. .
6.html
– “Distributed voting system and method for land             
mobile radio systems” patent












T itt d/ R i• ransm ers an or  ece vers
• Simulcast hardware (optional)
• Extremely accurate GPS receiver (for simulcast)         


























































TACSTACK Usage Model   
July 8, 2008
Model Intro 
• Complete simulation of an emergency         
situation using the TACSTACK system.
• Purpose is to identify flaws in our current logic                 
and maybe even learn something new about 
ourselves in the process      .
Location Info 
• We chose Worcester and Holden for our             
model.
– Because you told us to         
– It seemed like a reasonable enough idea.




• Worcester’s trunked EDACS system may be           
difficult to interface with.









• One mobile repeater towards north end of             
Worcester
• Probably unnecessary for all towers in Holden             
to have mini TACSTACKs
